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Process and plant for manufactuiing fine iron and steel powders, fine iron and steel 
powders and use of powdors ntanu&ctured by the process 



1 . Field of ^e invmtion 

The piesoit invention relates to a process for manufacturing fine iron and sted 
powdns. 

The present invention fiudier idates to a plant for manufocturing fine iron and steel 
powders. 

The present invention also relates to fine uon and steel powders as weU as use of 
powders manufactured by the process according to the invention. 

2. DescriptioD of d&e related ait 

Fine iron and steel powders, mean particle sizes being ftom 1-50 pm, ate esqiensive 
due to, inter alia, the manufacturing processes enq»loyed. Thus, it is known to use 
an atomizing process, ^9i^ch calls for inert gas as protection^tiie cost incre^ing 
steeply with decreasing particle si2e etc. Fkutiier it is known to use finely divided 
iron oxide, which is reduced to iron, this procefis» however, being limited, by, inter 
alia, sintering. Further a process called the eatbonyl process employhig gaseous 
reactants is known, the process, however, calling for rigorous safety and 
environmental considerations, due to the toxic substances employed. 

One of the basic problems and the reasons for using Ifae processes described above 
is the fact that milling of an iron or steel fragmented raw material does not provide 
tbe possibility of fhrOier dividing raw mat^als of a certain grain size due to the £ict 
that defonDatian instead of crushing of the quite ductile grains occur. 
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The present inveatioa offers a sohitiaii to time problems and piovi<tes a 
eompacatively inexpensive way of manu&ctQxinf fine iron and steel powders. 

S SUMMARY OF THE INVENTION 

Thus, die present invoitiQn relates to a process according to the introductory part of 
the accosiqunying claim 1. The process is espedaUy duaacterized in what is 
^^ified in title characterizing portion of said claim. 

10 

Fnidier» die present invaidon relates to a plant according to the introductoiy part of 
ifae accompanying claim IS. The plant is especially characterise in what is 
specified in die characterizing pordon a£ claim IS. 

IS The invention further relates to a fine iron or steel powder according to the 
introductoiy part of die accoiiq>anying claim 29. The powder is especially 
characterized in wlMt is specified in the characterizing porti<»i of daim 29. 

Furdiermore die invention relates to use of powder as specified in claims 26 <• 28. 

20 

BRIEF DESCRIPTION OF THE DRA>VINOS 

' * : ' In the following tfie invention is d^ribed in more detail in corniectiom with 

exemplifying embodiments and die acconipanying drawings^ in whidi 

{- 1 25 

Fig. I schematically shows difterrat embodimeats of the process according to the 
: ' invention and 

Fig. 2 shows porosity in a steel material sintered fiom powder produced according 
to the invention as an alloying substance. 
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DETAILED DHSCRIPTION OF THE PREFERBBD EMBODIMENTS 



In Fig. 1, a raw material preparation step is designated by 1. Fragmented raw 
materials according to the invention are. primarily and pcefeiaUy, taken from die 
following groups: 

1) finely divided iron (eg iron powder) or parous iron (eg sponge iron) 

2) fine iroD oxide powder, and 

3) finely divided steel (eg steel powder or turning scrq^O 

**Finely** and "fine" as for as die fragmented raw materials are concerned is intended 
to cover a wide range of particle sizes, such as SO - SOO (im, fhe siz^, however, not 
being limited to tiwse sizes. Porous iron, eg sponge, does not have to be as finely 
divided as iron powder since a large contact area fw gas is provided due to the 
pores. Further, iron oxide powder is normally provided in the form of fine powder 
as a raw material, which means that nulling of the inm oxi^ in tiie present process 
may be unnecessary. 

The raw material may be taken fnm one or more of these groups, a mixture of 
different raw materials being possible to use. 

2 designates a nitriding step in which raw material is intended to be transfinmed 
substantially totelly to nitride by means of ammonia gas, eg according to the 
reaction i): 

i) X Fe + NH3 (g) FexN + IVMIi (g) 

Nitriding transforms, mainly, the iron of Ae raw material Id a britde nitride 
material, a possft)le nitrogen content being about 3 - 20% by weight, a preferred 
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nitiogen content being above 6% by weig^. In Hie foUowing, oontents die given as 
pexcentage by weight. 

The nitriding operation is perfonned in eg a standard rotating tube fomace, not 
shown, in which a stream of ammonia gas is conveyed through or above Ae raw 
material, die operation taking place at about 400 -800 X, preferably at about 500 - 
700 X. 

The britfle nitride is, when applicable, intended to be crushed to the desired paiticle 
sizes in a milling operation 3 , the milling means provided being of a kind known 
per se and not shown, eg ball milling equipment or jetroiUing equipment for milling 
materials down to micron sizes. 



Tlie milling means may be arranged for batchwise or continuous milling. 

15 

Further, the transformation to nitride and nulling may be pcrfimned m an integrated 
process step con^sing both nitriding and miUing. This is schematically shown in 
Fig. I by the dashed frame 5 enclosing steps 2 and 3. This integrated step may be 
performed in eg a rotating tube {umaoe, not shown, provided with milling bodies 
20 during said transfimnation. 



According to preferred embodhnents separation means are provided for a separation 
step 6 for obtaining a fraction of powder particles within a desired particle size 
inteival. For this eg existing sieving or elutriation techniques and equipments, not 
25 shown, may be used. 

According to one embodiment transformation, miltmg and particle size separation 
are arranged in an integrated process step arrangenent in which at least too coarse* 
particles ate intended to be recirculated from the separation operation 4 to the 
30 transformation operation 2 as schematically shown by means of the arrow 7 in Fig. 
1. 
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Since the time necessary for total nitriding of raw material paxtides increases quite 
rapidly with iiwreasing particle size, one embodiment of the process mig^t be to 
nitride an outer shell of particles with considerable size, since nitriding takes place 
ftom the outside, and to mill such particles so flurt said outer shell, which is brittle, 
is crushed off and to recirculate Hxs remaining raw material core for further 
nitriding, milling etc. This will in certain cases improve the productivity. If nitriding 
and milling is integrated, such an operation will be performed automatically. 



In Fig. 1 , 8 designates a denitriding step, in which a fme powder from the former 
steps is retransfonned, preferably by means of hydrogen gas, according to the 
reaction, ii): 



u) FexN+lV4H2<g)-»xFe+NH3(g) 



by m«ms of which metallic iron of the powder and ammonia gas are regen^ted. 
This reaction is best utilized by means of arraagem«its for conveying a stream of 
hydrogen gas through and/or above die processed powder, eg in a tube fiixhace, not 
shown, at temperatures about 250 - 400 X, preferably about 300 - 350 "C. 

Denitriding noay also be performed accocding to tibe reaction, iii): 
iii) FexN->xFe + V4N2(g) 

at temperatures about 500 - 700 and by using gasses like nitrogen or aigon or by 
vacuum pumping. 

The hydrogen treatment is normally pr^srred since it also leads to Ae reduction of 
iron oxides and allows comparatively low temperatures in ordOT to minimise 
agglomeration of ihe resulting powder. Thus, ^re happens to be almost no 
agglomeration at aU at tenqperatures below about 350 
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^cample 1. 

S Idlogiains of an iron powder (dt» = 300 ^ 0,66 % O and 0,042 % C) was 
5 nitrided during 34 hours using a flow of 3 litres NHj per minute at 525 K:. An 
analyses showed diat the nitrided powder had a nitrogen content of about 7 %. 

Exaniple 2. 

1 0 600 grams of nitrided iron powder from Bxanople 1 was ndlled by jet nulling 
technique by means of a laboratoiy jet mill to a fine powda with dso = 3 |im. 
Milling of another nittided powder (nitrided tool steel) by means of die laboratory 
jet mill revealed that the pxodoctivity is a functi<»i of the mean particle size of the 
milled material: 

15 0,1 Idlogram per hour £6r dso = 3 Jim and 3,2 kflogram per hour for dso - 20 fim, 
respectively. 

Example 3. 

20 0,8 grams iron nittide (7 % N and 1 ,4 % O) with dso - 3 jim was fUled into a cup 
widi 0-4 millimetres to a bed depth = 7 nnlUmetres. After a treatment at 300 X 
using a flow of 50 millilitres H2 (g) per minute in 90 minutes the matexial was still a 
fmc powder, i e no agglomeration occuned. The powder was notpyrophorie after 
die treatment An analyses of the powder showed diat it contained 0,28 % N and 
* ': 25 0,74 %0. 
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Example 4. 

Finely milled won nitride with djo - about 10 Mm was mixed with a scanewbat 
coarser master aUoying powder of a stainless composition (316L/MA: 38 % Ni» 7^ 
% Mo. 1,0 % Si, 0,5 % Mn. bal. a) to a mixture ratio of 68,9731,1, The mixhirB 
was heated in hydrogen gas to amtering temperature. 1300 -C, the holding time 
being 60 minutes. The sintered samples were analysed chemically and 
metallographically. The ch^cal analysis showed that the remaimng content of 
nitrogen was below 150 ppm and of oxygenbelow 300ppm. Tliemetallogn^c 
study showed that a closed porosity had been achieved. The pore size was below 5 
,un and the volume fraction of pores was below 1 %. Fig. 2. Thus, the results show 
that finely milled iron nitride powder can replace carbonyl iron powder as a 
sintering active powder fiir the production of high alloy steel componenls. 

The process according to present invaition as well as the fimclion of the plant 
according to the present invention should to die extent necessary be obvious from 
the above description. 

•nius. iron or steel ftagmcnted ww material, piefeiably finely divided iron, porous 
iron, fine iron oxide or finely divided steel, is mtrided by ammonia gas in onicr to 
obtain a brittte material suitable for nulling. The material thus transfoimed is, when 
applicable, milled, preferably separated with respect to particle sizes and then 
denitrided, whereby the iron based nitridic material is totally or substantially totally 
deniirided to form a fine iron or steel powder, the iron powder in certain cases still 
comprising a certain amount of remaimng iron nitride and the steel powder in 
certain cases still comprising certain metal nitrides, as discussed later. Furflier, fine 
iron or steel powders thus produced may to a certain extent contain normal 
impurities and the terms iron powder and steel powder arc here mtended to also 
cover powders containing such impurities. 
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The particle size distributioii is controlled by the opoating parameters of the milling 
process. Mean typical particle sizes produced ate about 1-50 |im» ofken piefened 
sizes being about 3-25 fun. The particles are not spherical, bi» a large ftaction of 
die particles possess a more or less equlaxed moiphology. TAP densities above 
5 4g/cm^ can be reached for powders not much finer ftan a dso » 10 lun. 

By using raw materials within ^ groups I and 2, a pure iron powder is produced 
according to the invention. This product can be used fox various sintering 
applications, particularly Chose which demands powdeis with Ingh sintering activity, 
10 eg metal injection molding. However, a large area of i^lications can be found in 
the food and medical industry, as iron additives. Other areas of i^lications are in 
various magnetic applications. 

Raw materials from group 3 resohs in a steel powder with m ain t ained material 
IS composition except for the nitrogen still remaining after denitridation in confounds 
with alloying elements such as molybdenum and chromium, i.e. in nitrides more 
stable dian iron nitride. The product is intended to be used in various sintering 
applications, particularly fliose which denumds powdeis wifli high sintering activity, 
e.g. metal injection molding. In such iqpplications nitrides of molybdenum and 
20 chromium will loose its nitrogen (spontaneous denitridation) during heating to 
sintering temqperalures (e.g. dnomium mtride deconoqposes to chromium and 
. . nitrogen gas at temperatures exceedmg about 1050 X). However, this is only 

- ■ r 

possible if Ae produced nitrogen gas is allowed to ese^ from me parous 

« 

. presintered body by a flowing process gas or by vacuum pumpmg (e.g. in the 

• - : 25 process of sintering metal ii^ected parts). Consequently, flie nitrogen content of flie 

finally sintered part may be reduced to very low leveb (e.g. less than 200 ppm) if 
: ' . - necessary, even in the case of a stainless steel composition. In comparison to 

' . . conventional powders prepared by alomi2ation,vsed for example fa metal injection 

molding, the main advantage of tiiis product is a low cost for its preparation and a 
"' 30 high freedom of controlling particle size (tistribution. 
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Above the invention has been described in connection wiA piefecred embodiments. 



Of course fbrtfier embodiments as well as minor changes and additions maybe 
imagined without deserting the basic mventive idea. 

.5 

Thus, when ttppYicahle, milling and separation may be petfonned dry or wet 
However, after wet milling and separation die finely milled product has to be dried 
(dchydrization, vacuum drying, etc), eventually jfoUowedby a deagglomeiation 
step> 

10 

As mentioned before nitriding and/or denitriding may be performed in a. prefierably 
rotating, tube furnace but may also be perfotmed in e.g. a belt furnace, gas 
preferably being provided in a counter flow arrangement in relation to «ie powder 
flow. i.e. die belt movement in the fianace. Furtier, a fluidized bed arrangement 
IS may be used, the powd^ being ^ bed material. 

Thus, the invention should not be considered to be limited to dw embodiments 
described but may be varied widnn the scope of the accompanying claims. 



20 



13:08^9 PLfilHNS STOCKHOLM f(B ■» (Aa6e286 NR.25a 

B8 59887300 



10 

Claims 



). Process for manufiwturingfiiieitott or sted powders, characl^^ 
of 

• providing on iron based, fragmented raw material^ finely divided when 
qyplicable, 

• providing a brittle material by transforming raw material to nitride by means 
of ammonia gas» 

• milling Ac nitcidic material to particle sizes desired, when ^licaWe. and 

• denitriding to a fine iron or steel powder. 

2. Process according to claim 1, characterized in fliat the raw nwteriaUsidwsen 

. from one or more of tfie material groups 

1) iron, eg iron powder and/or sponge iron 

2) iron oxide powder 

3) steel, eg steel powder and/or turning scrap. 

3. Process according to claim 1 or 2 characterized In that the transformation to 
nitride is carried out at 400 - 800 ^C, preferably at 500 - 700 "C. 

4. Process according to claim 1.2. or 3, characterized Id flurt the nitrogen content 

is about 3-20 % by weight, preferably more than 6 % by weight. 

5. Process according to anyone of tiie preceeding claims. dMracterfzed In fliat 
milling (3) is performed by means of miDing equipment know per se, eg ball 
milling equipment or jet millmg equipment, for milling materials down to 
micron sizes. 

6. Process according to anyone of the preceeding clahns, characterized in fliat 

milling is performed balchwise or continuously. 

7. Process accordhig to anyone ofdie preceeding clahns, characterlied to flmt a 

fraction of powder particles within a desired particle size interval is obtained by 
separation, eg by sieveing or elutriation techniques in a batchwise or continuous 
separation procedure (6) . 

8. Process according to claim 7, characterized In that milling and separation is 

pexformed dry or wet. 
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9. Process accordiiig to anyone of toeprecce^ 

transfoimalion to nitride (2), mining and particle size separation is perfonned in 
an integmted process in »i*ich too coarse, separated particles axe reciicnlated 
ftom separation step to tiie transfiMnnation step. 

ICProccss according to anyone of the proceeding claims, eharnetcrized in that 
transformation to nitride and milling is performed in an integrated process step 
(4). eg by providing milling bodies during *e transformation in a rotating tube 
fbmaced. 

11. Process according to anyone of Ae preceeding claims, ehancterittil In Aat 
denitriding is perfonned by means of hydrogen gas. 

12. Process according to claim 1 1, chamterteed In *et denitriding is performed at 
250 - 400 *C, preferably at 300 - 350 'C- 

13. Process according to anyone of the preceeding claims, charnclerfecd in diat 
nitride powder is produced as an alloying substance for shnering putposes. 

14. Process according to anyone of the preceeding claims, eharncterSwd In that 
mean particle sizes of the produced powders ere about I - 50 pm, preferably 
about 3 -25 pm. 

15. Plant for manufacturing fine iron or steel powders, cbarncteriaed by 

• means (2) for containing a ftagmented iron based raw material, 

. meansforpmvidingammomagastoaaidrawmateri«dfortransfomn^ 

the raw material substantially totally to nitride, 

• Tnil1ingmeans(3).whcnappUcable.formiIling1henitridicmaterialtop^^^ 

sizes desired and 

• means (8) for denitriding to a fine iron or steel powder. 

le.Plant according to claim 15, characterized In that said transformation is 
intended to occur at about 400 - 800 preferably at about 500 - 700 -C- 

n.Plant according to claim 15 or 16. characteriied to that said transformation is 
intended to provide a nitrogen content of about 3 - 20 % by weigjit, prefisrably 
over 6 % by weight. 
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18. Plant according to claim IS, 16 or 17, cliaraeterl«d in ftat said miUing means 
is milling equipment of a kind known per se, eg ball milling equipment or jet 
milling equipment for milling materials down to mitfon sizes. 

19. Plant according to claim 15, 16, 17 or IS, charMfsrtsed to thtt die miUtng 
5 means axe arranged for Imtchwise or cmtinvous milling. 

20. Plant according to claim any of claims 15 • 19, diaracterized by sepaxadoa 
means for obtaining a ficaction of powder particles wiOun a desired particle size 
int^al, eg sieving or ehitnation means, said sqaaration means being arranged 

for. batchwise or continuous operation. 

10 21 . Plant according to any of claims I S - 20, cbftrftcterized in Hut milling and 
separation is intended to be performed dry or wet. 

22. Plant accmding to anyone of claims 15-21, charaeterfaBed to diat 
tFansfozmation to nitride, milling and particle size sqwration is intended to be 
performed in an integrated process afrangemmt in which too coarse particles are 

1 5 arranged to be recirculated from a separation operation to a tiansfozniation 

operation. 

23. Plant according to anyone of claims IS ~ 22, charactnizad by an integrated 
process st^ for transfmnDoaticm to nitride and miUing; eg a rotating tube iimiace 
]xrovided widi milling bodies, during transformation. 

20 24, Plant according to anyone of claims 15-23, characterized by arrangements for 
providing hy^ogen gas for denitriding die nitride powder. 

25. Plant according to anyone of claims 1 5 > 24, cbanieterfzed in diat denitonding is 
" : ' imended to be performed at about 250 - 400 preferably about 300 - 350 "C. 

26. Use of fine iron b£sediutride]M»wder according to anyone of claisns 1 - Masan 
25 alloying substance in sintered steel produetioa. 

27. Use according to claim 25, characterized to that mean particle sizes of the 
powders are about 1-50 ^m, preferably about 3 - 25 }un. 

• a V 

-. .. * 28. Use of fine iron or steel powder according to anyone of claims 1 - 14 as material 

for metal injectian moulding (MIM). 
30 29. Fine iron or steel powder characterised In that it is produced by the process 
according to anyone of claims 1 • 14. 
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ABSTRACT 

Process for manu&ctkirmg fine iion or steel powcters. 

5 The process is espeoiatly characterized in the steps of 

• providing an iron based, fcagpmented raw material, finely divided when 
applicable, 

• providing a brittle matcsial by transforming raw material to nitride by means 
of ammonia gas, 

10 • milling die nitridicxnaterial to particle ^zes desired, whaiapfdieable, and 



The invention also relates to a plant for manufoctuxing fine iron or steel powders, 
fine iron or steel powders and use of powders manufectured by the process 
I S according to the invention. 



• denitridtng to a fine iron or steel powder. 



(Fig. 1) 
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